Electron valley degree of freedom emerges as local extrema in the electronic band structures. Inequivalent valleys, well separated in the Brillouin zone, can be energetically degenerate due to symmetry and serve as novel information carriers controllable via external fields [1] [2] [3] [4] . A feasible means to manipulate such a valley degree of freedom is through a valley Hall effect (VHE) [3] [4] [5] [6] [7] . Analogous to an ordinary Hall effect, in which a transverse charge current is driven by a uniform magnetic field in real space, a transverse valley current in the VHE is produced by valley-contrasting Berry curvatures in momentum space.
Upon the application of an external electric field, the curvatures drive carriers from different valleys to traverse in opposite directions. Therefore, the VHE has been a major theme in the study of valleytronics, particularly in those 2D materials featuring K and K' valleys in their hexagonal Brillouin zones [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] .
As Berry curvature is even under spatial inversion (P) and odd under time reversal (T), the VHE cannot survive when both P and T symmetries are present. To achieve VHEs in monolayer and bilayer graphene, an elaborately aligned h-BN substrate 8 and a strong dual gating field 9, 10 were respectively utilized to break the P symmetry. To excite VHEs in specific valleys 15, 16 , circularly polarized lights [18] [19] [20] were used for breaking the T symmetry in atomically thin transition-metal dichalcogenides (TMDC). Monolayer TMDCs have direct band gaps of optical frequencies at two inequivalent K-valleys 21, 22 , due to the intrinsic P asymmetry in their unit cells depicted in Fig. 1a . Thus, Berry curvatures with opposite signs naturally emerge at the two K-valleys. Moreover, a mirror symmetry locks the spin and valley indices of the sub-bands split by the spin-orbit couplings, both of which are flipped under T; the spin conservation suppresses the inter-valley scattering. Therefore, monolayer TMDCs have been deemed an ideal platform for realizing intrinsic VHE without extrinsic symmetry breaking 13, 14 .
However, the quantum transport in atomically thin TMDCs has been a long-standing challenge due to the low carrier mobility and the large contact resistance in their field-effect devices prepared by the exfoliation method. Recent breakthroughs in the fabrication of lowtemperature ohmic contacts for high-mobility 2D TMDC devices [23] [24] [25] [26] have already facilitated the observation of transport hallmarks of Q-valley electrons 26, 27 , K-valley holes [28] [29] [30] , and Γ-valley holes 31 . These discoveries have revealed the rich and unique valley Above 160 K, the slopes of the lnRNL versus lnRL curves are 1, indicating that the nonlocal signal is proportional to the classical contribution. Below 160 K, the slopes turn to 3 in the low electron density regime (RL ≈ 10 8 -10 9 Ω), which amounts to NL ∝ L 3 . Such a cubic scaling is reminiscent of the nonlocal charge transport mediated by spin diffusion in the spin Hall effect 32 . As introduced above and calculated later (Fig. 4) We further investigated the length dependence of the nonlocal valley transport. Apart from sample A ( = 3.6 μm) and sample B ( = 6 μm), two more samples ( = 11 μm and 16 μm ) are investigated ( Supplementary Fig. 6 ). The semilog plot of RNL at n = 4×10 10 cm -2 (extracted from the Hall measurement, see Supplementary Fig. 8 ) versus the sample length yields an estimation of V ~ 1 μm (Fig. 2g ). This value is very close to W and much larger than the electron mean free path lm ~ 20 nm estimated from the sample mobility for the range of n where the cubic scaling appears. Nevertheless, these estimations based on the observed nonlocal signals are suggestive of V in the order of micron. In sample B, the cubic scaling remains even at room temperature, attributed to the dominant valence-band contribution to xy V and particularly the large intrinsic bandgap that is impossible for graphene systems. Figs. 3c-3d , and no cubic scaling is detected. We note that extrinsic P symmetry breaking can be introduced into atomically thin bilayers via external gating, as achieved in bilayer graphene 9, 10 , and that detecting a nonlocal signal in gated bilayer graphene requires a threshold gating strength 9, 10 . In our devices, however, Vg is too low to reach the threshold estimated by an recent optical experiment 16 ; the estimated potential difference between the top and bottom layers is ~ 9.2 meV at Vg = −60 V 16 . This weak symmetry breaking produces little change in the total Berry curvature as compared with the pristine case ( Supplementary Fig. 7 ), given the facts that the induced potential is much smaller than the bandgap and that the valence-band contribution to xy V is dominant.
In light of this analysis, the gating-induced P symmetry breaking is negligible in our bilayer
MoS2. Therefore, we conclude that the absence of cubic scaling in bilayer MoS2 indicates the crucial role of strong P symmetry breaking in generating VHE.
This key conclusion can be immediately tested in thicker MoS2 samples. Given that P symmetry is broken (respected) in pristine odd-layer (even-layer) MoS2, one might wonder whether the intrinsic VHE and its cubic scaling could be detected in trilayer MoS2. On the other hand, these facts appear to be in harmony with the topological VHE that arises from the valence-band contributions [4] [5] [6] [7] . Particularly, the monolayer and trilayer share almost identical valence-band Berry curvatures (the orange curves in Fig. 4d and Fig. 4f) and valley Hall conductivities, due to the extremely weak interlayer couplings. Recently, nearly quantized edge transports have been observed along the designed or selected domain walls in graphene systems 11, 12 and even in artificial crystals 17 . In our case, the roughness of natural edges can cause edge inter-valley scattering 6 and passivate the edge states 33 The h-BN/MoS2 flake is then transferred onto a fresh thick h-BN flake lying on another SiO2/Si substrate, to form a BN-MoS2-BN heterostructure (step 1 in Supplementary Fig. 1 ).
(b) Selective etching process A hard mask is patterned on the heterostructure by the standard e-beam lithography technique using PMMA (step 2 in Supplementary Fig. 1 ). The exposed top BN layer and MoS2 are then etched via reactive ion etching (RIE), forming a Hall bar geometry (steps 3 & 4 in Supplementary Fig. 1 ). Then a second-round e-beam lithography and RIE is carried out to expose the MoS2 layer (steps 5 & 6 in Supplementary Fig. 1) . The electrodes are then patterned by a third-round e-beam lithography followed by a standard e-beam evaporation (steps 7 & 8 in Supplementary Fig. 1 ). To access the conduction band edges of MoS2, we 
